Epilepsy surgery is indicated in select patients with medically refractory focal epilepsy. Seizure freedom or significant reduction of seizure burden without risking new neurological deficits is the expected goal of epilepsy surgery. Typically, when the seizure onset zone overlaps with eloquent cortex, patients are excluded from the surgery.
Introduction
Surgical treatment can provide a potential cure for drug-resistant focal epilepsy (1) .
Accurate localization of the ictal onset zone (IOZ) prior to resection is required to delineate surgical margins and achieve postoperative seizure control. Up to 40% of patients with medically refractory focal epilepsy may not qualify for surgery because of the inability to localize the IOZ, multiple seizure foci or the overlap of the IOZ with the eloquent cortex (2) .
Palliative therapies such as vagal nerve stimulation, and more recently, responsive neurostimulation are alternatives to surgical resection. The increasing experience with the surgical techniques, neuroimaging, and intracranial EEG allows better patient selection, more accurate identification of the seizure onset region, thus higher rate of successful resective surgery (3, 4, 5) . Furthermore, direct stimulations of the subdural electrodes provides a map of the functional cortex and define resection margins.
Here we report a young woman who underwent intracranial EEG monitoring, with successful localization of the seizure onset zone. Her functional cortical mapping determined that the IOZ overlapped with the frontal language area. Despite counseling against epilepsy surgery given the high risk of postoperative language deficits, the patient elected to undergo surgical resection. Post-operatively, she had expressive aphasia but language abilities recovered in approximately 3 months. 
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Case History
We studied a 30-year-old left-handed Hispanic woman with nonlesional focal epilepsy.
Without antecedent risk factors, she experienced the first seizure at 16 years old during her first pregnancy and the seizures have persisted at a rate of approximately 3 times per month. The seizure semiology consisted of an aura of "unintelligible voices" followed by left face distortion and bilateral tonic-clonic convulsions. She was referred to our center on 3 antiepileptic drugs (AED): Lacosamide, Levetiracetam and Lamotrigine. Brain MRI and FDG-PET were normal.
However, video EEG monitoring suggested that the ictal onset was in the right frontotemporal region, and magnetoencephalopgraphy (MEG) showed a cluster of spikes in the right inferior frontal and insular regions ( Figure 1B ). Wada test showed right hemisphere dominance for language. She underwent invasive EEG monitoring with right frontotemporal subdural grid coverage. The IOZ was identified in the inferior frontal area ( Figure 1A , C). Functional language mapping was performed at bedside using a cortical stimulator (Astro-Med, Inc., Grass Technologies) with real time monitoring of afterdischarges. The following parameters were used for stimulation: stimulus frequency = 50 Hz, pulse duration = 500 ms, intensity = 2 mA, increments of 2 mA until speech arrest or a maximal intensity of 15 mA. The language tasks consisted of auditory responsive naming and Boston naming tasks. The functional mapping results showed that language responsive electrodes overlapped with the IOZ ( Figure 1D ).
Although the patient was informed that a localized resection of the frontal lobe carried a high risk of expressive aphasia, she was resolute in her decision to undergo the procedure. A tailored cortical resection of IOZ in the right inferior frontal lobe (pars triangularis, BA 45) was performed, targeting the most active contacts in the seizure onset zone ( Figure 1E ). Immediately following the operation, the patient was mute. After one month of aggressive speech therapy, the
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ACCEPTED MANUSCRIPT Mnatsakanyan 5 muteness was overcome by aphasic speech. Subsequently, she demonstrated gradual improvement of the expressive aphasia, transitioning from unintelligible speech to severe dysarthria, with continual refinement of speech articulation. She showed dramatic recoveries with residual word finding difficulties and mild speech slowness after one year. Her neuropsychological test performance at that time was comparable to her pre-surgical assessment exception for a decline in the picture-naming task (Table 1 ). Finally, there was an improvement of the Beck Depression score.
She continued to report subjective improvements of speech articulation and has remained seizure free at 3.5 year follow up after surgery except for a single breakthrough seizure 3 months postoperatively after rapid discontinuation of AEDs due to termination of the medical insurance.
She was able to successfully discontinue one AED and lower maintenance doses of the two remaining AEDs.
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Discussion
In the mid 1800's, Paul Broca treated patients with speech production deficits; autopsies of these patients revealed lesions in the posterior inferior frontal gyrus, now referred to as the "Broca's area" (6) . More recent studies using functional imaging and cortical stimulations show that Broca's area contains anatomical subdivision with distinct functions in service of language processing. The posterior part, the pars opercularis, is critical for phonological processing; the superior part, pars triangularis, is implicated in syntactic processing, and the anterior part, pars orbitaris, is involved in a large semantic network underlined by the inferior frontooccipital fasciculus (7) . Following surgical resection of the primary expressive language areas, our patient demonstrated a marked loss and subsequent rehabilitation of speech production and fluency.
Although the mechanisms of her speech recovery are unknown, we suggest several possibilities including reorganization, transfer of function to other areas, redistribution of the connectivity network, activation of other language areas or enhanced compensatory performance of the nearby non-resected cortex possibly due to cerebral plasticity.
Indefrey and Levelt proposed that Broca's area accesses a phonological word representation that is then forwarded to motor regions where it is transformed into an articulatory (i.e., phonetic) code (8) . Models of speech production (9, 10) do not limit the articulatory transformation to motor cortices but rather implicate Broca's area in processing articulatory representations. More recently, using direct cortical surface recordings in neurosurgical patients, surprisingly quiescent during articulation (11) . The premotor area was implicated during speech production. Contrary to classic notions of this area's role in speech, these results indicated that
Broca's area does not directly participate in production of individual words, but coordinates the transformation of information processing across large-scale cortical networks involved in spoken word production, prior to articulation. Other regions, such as the insula, have also been implicated in the coordination of the speech (12, 13) . In brain tumor surgery, participation of the anterior insular cortex in the dominant hemisphere during language tasks was reported using functional neuroimaging (14) . Therefore, resection of the Broca's area might disrupt coordination of sensory representations without directly impacting speech articulations.
Another potential mechanism of speech recovery is functional reorganization of the language network. Essential cortical sites are usually found in a spatially confined (approximately 1 cm 2 ) cortical areas and often are directly adjacent to sites that do not have any apparent effect from stimulation (15, 16) . The likelihood of long-term postoperative language deficit appears to be correlated with the distance between the resection margin and essential cortical site. Resections have been tolerated up to1 cm from these essential language sites without inducing permanent morbidity, and recent reports suggest equivalent rates of permanent deficits when resections are performed without leaving a margin from positive stimulation sites (16, 17, 18 and 19) . A cohort of 309 patients with glioma, when guiding the resection based on intraoperative mapping, showed that the risk of postoperative neurological decline was significantly less in patients with brain regions mapped negative for language function compared to those with positive mapping (19) . Interestingly, Southwell et al (20) demonstrated during repeat glioma surgeries 1.1% of sites tested negative for function during initial surgery was found to be positive during the repeat surgery while the mapping techniques remained the same.
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Patients with early onset epilepsy (< 5 years old) and left hemisphere lesion are more likely to demonstrate atypical language dominance (21) . It has been proposed that chronic seizures alter brain function and structure over time, leading to a shift of language pathways during development from the left to the right hemisphere. Our patient did not have early onset epilepsy or a left hemispheric lesion. Therefore it is unlikely that the right hemisphere language dominance noted in this patient was a result of chronic epileptic activity. Whether the right language dominance indicates additional sites for language representation, or larger area of functional representation, is unknown.
It is important to note that the common practice is to exclude patients with localized refractory epilepsy from the potentially curative surgery if the seizure onset zone (defined by extensive intracranial monitoring) overlaps or is within 1-2 cm area of eloquent language or motor areas. Neuromodulation therapies have become important alternatives and further AED adjustments could provide efficacy however will not be curative. At the time of the intracranial invasive evaluation in this particular patient, the FDA did not approve the responsive neurostimulation.
Conclusion
A satisfactory epilepsy surgery was performed involving eloquent language centers.
Although our patient had expected profound expressive aphasia, she showed significant recovery A. Intracranial EEG from the frontal subdural grid showed seizure onset with low voltage fast activity in the electrode contacts 23.24. 27-32, 37, 38). B. MEG Spikes localized to the right inferior frontal region. C. Three-dimensional cortical models of the patient was generated using pre-operative structural magnetic resonance (MR) imaging and co-registered with the postoperative CT images using to identify electrode locations. Red dotes denote seizure onset with low voltage fast activity; blue dotes denote early propagation; yellow dotes denote late sporadic propagation. D. Functional language mapping results: red denotes naming pauses; yellow denotes naming hesitancy; blue indicates face and tongue motor regions. E. Three-dimensional rendering of postoperative MRI, with arrow indicating the area of resection in the right inferior frontal area. 
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